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© Method for partial condensation of hydrocarbon gas mixtures. 



© Heavy components of hydrocarbon gas mixtures 
are recovered through partial condensation of a first 
portion of the starting gas by indirect heat exchange 
with a refrigerant wherein the condensate formed is 
entrained in the gas stream. The condensate is 
separated from the resulting partially condensed, 
two-phase mixture and the separated condensate is 
then thermally stripped of light components by heat 
^exchange with a second portion of the starting gas 
^ which is thereby also partially condensed. Heavy 
components from the starting gas mixture are recov- 
ijjered as stripped hydrocarbon condensate. 

O) 
CD 
CM 

O 

a. 

LU 



Xerox Copy Centre 



1 



EP 0 299 157 A2 



2 



METHOD FOR PARTIAL CONDENSATION OF HYDROCARBON GAS MIXTURES 



This invention relates to dephlegmation of gas 
mixtures containing condensable components. 
More particularly, this invention relates to partial 
condensation of hydrocarbon gas mixtures in which 
the starting gas is cooled by heat exchange in one 5 
or more stages to condense and separate less 
volatile components from the gas mixture. 

Hydrocarbon gas mixtures such as natural gas 
and refinery gas are typically treated for removal of 
C3 + components for further processing, for exam- 10 
pie, into a liquefied petroleum gas (LPG) stream. 
The starting gas mixture relevant to the present 
invention may contain components within the range 
of C1 to Cs hydrocarbons optionally associated 
with nitrogen in the case of natural gas or hydrogen 15 
in the case of refinery gas. 

Partial condensation is a well established meth- 
od of separating easily condensed components 
from these gas streams when precise separations 
are not desired, for example, in condensate recov- 20 
ery from field gas and in initial separation stages of 
cryogenic plants for production of LPG. 

Typically, dephlegmation has been carried out 
by partial condensation in vertical tubular heat ex- 
changers in which the starting gas mixture flows 25 
upwardly and is partially condensed in the warm . 
tube side of the exchanger by a refrigerant em- 
ployed in the cold shell side. Gas velocities in the 
warm side are very low below the entrapment 
velocity, so that the heavy components condensed 30 
on the tube wall interiors flow downwardly counter- 
current to the upward flow of gas being treated. In 
simple configurations of the method, the conden- 
sate is recovered from the bottom of the exchanger 
and light gas. which is more volatile than the start- 35 
ing gas, is recovered from the top of the ex- 
changer. One particular example of a low velocity 
partial condensation system is described in U.S. 
Patent No. 3,100.147. 

Practitioners have appreciated that low velocity 40 
partial condensation is inherently poor in heat 
transfer efficiency and such systems are, therefore, 
quite costly. More recently, high velocity partial 
condensation has been used in which a two phase 
gas mixture is produced and directed to an exter- 45 
nal gas/liquid separator for recovery of condensate. 
One of the principal problems with this condensa- 
tion method is that, because of cocurrent gas/liquid 
flow at or abov liquid entrainment velocity in the 
condenser, the recovered condensate retains some 50 
light gas which must be removed in a separate 
stripping step. In result, the improvement in heat 
exchange du to high velocity partial condensation 
is, to significant extent, offset by increased com- 
plexity, cost, and plot space requirements of the 



high velocity methods. 

It is, therefore, an object of this invention to 
achieve the improved heat transfer characteristics 
of high velocity partial condensation while retaining 
the better separation characteristics of low velocity 
partial condensation. 

According to the invention, a first portion of a 
starting gas mixture is partially condensed to a two 
phase mixture in indirect heat exchange with a 
refrigerant and condensate is separated from the 
two phase mixture. A second, parallel portion of the 
starting mixture is separately partially condensed 
by heat exchange with condensate recovered from 
the first portion while the recovered condensate is 
thermally stripped by heat from the second, par- 
allel portion. 

Figure 1 illustrates an embodiment of the 
invention wherein the first partial condensation 
zone is a vertical tubular heat exchanger, the sec- 
ond partial condensation zone is a bubble cap 
column, and the two phase mixture leaving the first 
partial condensation zone is separated in an exter- 
nal drum separator where first and second light 
gases from the respective partial condensation 
zones are combined. 

Figure 2 illustrates another embodiment of 
the invention wherein the first partial condensation 
zone is an annular tubular heat exchanger and the 
second partial condensation zone is a vertical, tu- 
bular exchanger disposed centrally within the an- 
nular exchanger. In this embodiment, two phase 
mixtures are recovered from each of the partial 
condensation zones for subsequent external sepa- 
ration. 

Figure 3 illustrates another embodiment of 
the invention also employing an annular tubular 
exchanger in the first partial condensation zone, 
however, a central column having perforated baffle 
plates and operated in a flooded condition is em- 
ployed in the second partial condensation zone. 

Figure 4 illustrates a preferred multi-stage 
embodiment of the invention which employs a third 
partial condensation zone in series with the parallel 
first and second partial condensation zones. In this 
embodiment, a first gas/liquid separation zone is 
embodied by an impingement separator located 
between the series condensation stages. Likewise, 
a second gas/liquid separation zone is embodied 
by another internal impingement separator located 
above the upper tubular exchanger which is a 
suitable embodiment of the third partial condensa- 
tion zone. 

In one embodiment of the invention, therefore, 
the second portion of the starting gas mixture is 
partially condensed by direct heat exchange with 
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condensate recovered from the first portion, that is 
to say, by direct heat exchange- 
In another embodiment of the invention, the 
second portion is partially condensed by indirect 
heat exchange with the recovered first condensate. 

In a preferred embodiment of the invention, 
light gases from the partially condensed first and 
second portions of the starting gas are combined 
and further partially condensed by indirect heat 
exchange in a third partial condensation zone. Most 
preferably, light gas recovered from partial con- 
densation of the combined first and second light 
gases is employed as the first refrigerant in partial 
condensation of the first portion of the starting gas. 
When, in this embodiment, the starting gas mixture 
contains principally Ci to C 3 hydrocarbons, mixed 
refrigerant containing Ci up to Cs hydrocarbons 
will preferably be employed as a second refrigerant 
in the third partial condensation zone at a tempera- 
ture between -45* C and -85* C. 

When processing gas mixtures containing com- 
ponents within the range of Ci to (k hydrocarbons, 
the partial condensation method of the invention 
will usually be operated within a pressure range 
from 32 to 60 kg/cm 2 a. The first, second, and, 
when used, third partial condensation zones as well 
as the gas/liquid separation zones operate at sub- 
stantially the same pressure. That is to say that the 
first condensate recovered from the first partial 
condensation zone and employed as refrigerant in 
the second partial condensation zone is not ex- 
panded. Therefore, the stripped hydrocarbon con- 
densate recovered from the second partial con- 
densation zone is at substantially the same pres- 
sure as the gas mixtures introduced to the first and 
second partial condensation zones. Within this uni- 
form pressure condition, when the second partial 
condensation zone is operated in a flooded con- 
dition on the cold side as will be later described, 
the stripped hydrocarbon condensate is recovered 
from the second partial condensation zone under a 
hydrostatic head with respect to the first and sec- 
ond portions of the starting gas between 3 and 14 
meters. When the cold side of the second partial 
condensation zone is not operated under flooded 
conditions, for example, as illustrated in Figure 1, 
the foregoing pressure conditions will be essen- 
tially the same. 

Since the first refrigerant introduced to the cold 
side of the first partial condensation zone is nec- 
essarily colder than the recovered first condensate 
employed as refrigerant in the second partial con- 
densation zone, more refrigeration is available in 
the first partial condensation zone than in the sec- 
ond. Accordingly, the first portion of the starting 
gas mixtur will be between 70 and 95 mole per- 
cent of the starting mixture with, preferably, th 
balance going to the second partial condensation 



zone. Further parallel portions of the starting gas 
may be processed in further parallel partial con- 
densation zones, but this will not usually be neces- 
sary or desirable. 

5 As pr viousiy noted, the starting gas mixture is 

typically a field or refinery gas from which gas 
liquids are to be separated for sale or further 
processing and, therefore, the starting gas mixture 
is a single stream. It may be noted, however, that 

10 two independent process streams having substan- 
tially the same composition and at substantially the 
same operating conditions are equivalent to the 
divided portions of the starting gas mixture as 
described above. This particular circumstance of 

15 substantially identical process streams will not of- 
ten occur. 

Referring now to the drawings, it is noted that 
the first digit of the three digit reference numerals 
corresponds to the Figure number whereas the 

20 second and third digits identify functionally cor- 
responding elements in all the drawings. 

In Figure 1 , which illustrates the general meth- 
od of the invention, the starting hydrocarbon gas 
mixture is introduced through line 100, divided into 

25 first and second parallel portions in, respectively, 
lines 101 and 102 by ratio control valves 103 and 
104, and introduced respectively to first partial con- 
densation zone 105 and second partial condensa- 
tion zone 106. The first partial condensation zone 

oo (X)05 is always an indirect heat exchange zone 
illustrated here by an exchanger having a warm 
tube side 105a and a cold shell side 105b which 
contains a first refrigerant introduced through line 
107. 

35 The first portion of the starting gas flows up- 
wardly through tubes 105a at a velocity above the 
entrapment mass velocity of condensate being 
formed, preferably between 25 and 500 kg/sec/m 2 , 
such that a first condensate is entrained in a first 

40 light gas as a two phase mixture which is recov- 
ered from the first partial condensation zone and 
introduced to a first gas/liquid separation zone 
which is shown, not to scale, by drum separator 
108. The drum separator provides disengagement 

45 space not usually available in a heat exchanger. 

A second hydrocarbon gas mixture containing 
at least the first light gas is recovered from the 
separation zone through line 109 and condensate 
from at least the first portion of the starting gas is 

so recovered from the first separation zone through 
line 110. 

The second portion of the starting gas flows 
upwardly through the second partial condensation 
zone 106 which is illustrated in Figure 1 as a 
55 bubble cap and tray gas/liquid contactor. The re- 
covered first condensate in lin 110 is introduced 
to th upper region of the second partial condensa- 
tion zone and flows downwardly in direct contact 
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heat exchang with the second portion of the start- 
ing gas. In this embodiment the second conden- 
sate formed from the second gas portion combines 
with th downwardly flowing recovered first con- 
densate and, accordingly, the recovered first con- 
densate as well as the second condensate are 
thermally stripped by relatively long residence time 
contact with upwardly flowing warm gas. The re- 
sulting stripped hydrocarbon condensate accumu- 
lates in the lower region of the second partial 
condensation zone 106 and is recovered for sale or 
further processing through line 111. The remaining 
light gases separated in drum separator 108 are 
also recovered as a second hydrocarbon gas mix- 
ture through line 109 for sale or further processing. 

It is essential that the first condensate be sepa- 
rated from the first light gas for use as refrigerant 
in the second partial condensation zone. It is not. 
however, essential that the second light gas recov- 
ered from the second partial condensation zone be 
introduced to the first gas/liquid separation zone or 
combined with the first light gas as illustrated in 
Figure 1. Moreover, when the second partial con- 
densation zone employs a direct contact condens- 
er, the second condensate combines with the first 
condensate within the condenser and, in such in- 
stance, it is not necessary to introduce the second 
light gas to any separation zone. 

In Figure 2, the starting hydrocarbon gas mix- 
ture introduced through line 200 is divided into first 
and second parallel portions in, respectively, lines 
201 and 202 by ratio control valves and introduced 
respectively to first partial condensation zone 205 
and second partial condensation zone 206. Again, 
the first partial condensation zone is an indirect 
heat exchange zone having a warm tube side 205a 
and a cold shell side 205b. Operation of the first 
partial condensation zone in Figure 2 is similar to 
operation of the first partial condensation zone of 
Rgure 1 wherein a two phase mixture from this 
zone is introduced to a first separation zone in- 
dicated by separator drum 208 from which a sec- 
ond hydrocarbon gas mixture is recovered through 
line 209 and the first condensate is recovered 
through line 210. 

As previously noted, the second partial con- 
densation zone 206 is an indirect heat exchange 
zone having a warm tube side 206a and a cold 
shell side 206b that is contained within an annular 
tubular exchanger comprised by the first partial 
condensation zone. In this embodiment, both the 
first and second portions of the starting gas mixture 
pass through their respective parallel partial con- 
densation zon s at sufficiently high velocities to 
entrain the condensates formed and two phase 
mixtures ar recovered from each of the condensa- 
tion zones and then combined. In Rgure 2 the 
combined mixtures undergo phase separation in an 



external separator, however, it may be preferred to 
use an internal impingement separator in the vapor 
space above the tubes as will be later described in 
connection with Rgure 4. 

5 In Figure 2, the recovered first and second 

condensates in line 210 are returned as refrigerant 
to the cold shell side 206b of the second partial 
condensation zone. Here, the shell side of the 
second condensation zone is operated under 

70 flooded condition which provides the advantage of 
a hydrostatic head for easy recovery of the 
stripped hydrocarbon condensate, usually without 
need for a pump. It may be noted that the inner 
wall separating the first and second partial con- 

75 densation zones fortunately has negligible heat 
transfer surface in comparison with the tube area of 
the exchanger so that the cold first refrigerant in 
the shell side of the first partial condensation zone 
is not significantly detrimental to the thermal strip- 

20 ping step. If desired, the inner wall may, of course, 
be insulated. 

In Rgure 3, the embodiment illustrated is ba- 
sically the same as that illustrated in Figure 2 
except that the second partial condensation zone 

25 employs direct heat exchange in a flooded con- 
dition. Here, the second portion of the starting gas 
mixture is introduced at the lower region of the 
flooded second partial condensation zone through 
gas sparging means 312 and bubbles upwardly 

30 through perforated plates which are completely im- 
mersed in the down-flowing, recovered conden- 
sates. In this embodiment, thermal stripping of the 
recovered condensate is augmented by stripping 
action of the rising gases. 

35 Rgure 4 is a preferred embodiment of the 

invention that will be described in the overall con- 
text of a liquefied natural gas plant where LPG is 
also produced from Ca to C* components of the 
original field gas. In the exemplary facility, normally 

40 liquid hydrocarbons comprising Cs + components 
have been removed by upstream gas/liquid separa- 
tion so that the starting hydrocarbon gas mixture 
contains principally Ci to C3 hydrocarbons with 
smaller amounts of C* + components. In this illus- 

45 trative embodiment, it is desired to remove a maxi- 
mum amount of the On component from the start- 
ing gas mixture. 

The starting gas mixture at a temperature of 
-37 "C and pressure of 42 kg/cm 2 is introduced to 

so the parallel first (405) and second (406) partial 
condensation zones of the system through line 400 
which discharges into the bottom head of the unit 
in fluid communication with the warm tube sides of 
each condensation zone. Division of the starting 

55 gas into first and second portions is fixed by equal- 
ization of pressure drops across th tube sides in 
each of the partial condensation zones such that 
the first portion is about 70 mole percent of the 
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starting gas mixture. 

A first refrigerant, later described, is introduced 
through line 407 at a temperatur of -62* C to the 
cold shell side 405b of the first partial condensation 
zone and is warmed to -40* C by giving up refrig- 
eration to the first portion of the starting gas mix- 
ture prior to withdrawal through line 413. 

The first and second portions of the starting 
gas flow upwardly through respective tube sides 
405a and 406a of the first and second partial 
condensation zones at a mass velocity of 140 
kg/sec/m 2 which entrains C3 and C* condensate in 
the remaining first and second light gases so that 
two phase mixtures flow out of the tubes and are 
combined in the plenum space 414 above the 
tubes. The combined two phase mixtures at a 
temperature of -51 * C are then passed through the 
first gas/liquid separation zone embodied by vane 
type impingement separator 408 which separates 
first and second condensates for introduction 
through line 410 to the cold shell side 406b of the 
second partial condensation zone. As indicated in 
the drawing, cold shell side 406b is operated under 
flooded condition so that the recovered first and 
second condensates as well as the later described 
third condensate are thermally stripped of light 
gases by the warmer second portion of the starting 
gas within the tubes. The resulting stripped hy- 
drocarbon condensate containing substantially all 
of i C3 and C* components of the starting gas mix- 
ture is recovered from the second partial con- 
densation zone at a temperature of -40* C. 

A second hydrocarbon gas mixture which is 
lighter than the starting gas mixture and comprising 
the first and second light gases is recovered from 
the downstream side of vane separator 408 and 
introduced to the third partial condensation zone 
415 embodied by a second series stage of the 
system located above the lower stage which em- 
bodies the parallel flow first and second partial 
condensation zones. 

The third partial condensation zone is cooled 
by introduction of a second refrigerant which is a 
mixed refrigerant containing Cj to Cs hydrocarbons 
through line 416 at a temperature of -84* C. 

The second hydrocarbon mixture passes 
through the third partial condensation zone in in- 
1 direct heat exchange with the second refrigerant to 

form a third condensate entrained in a third light 
gas. Gas mass velocity in the warm tube side 415b 
is t again, 140 kg/sec/m 2 and a two phase mixture is 
recovered now from the tube side of the third 
partial condensation and introduced to a second 
gas/liquid separation zone embodied by van s pa- 
rator 417. The third condensate, principally Ci and 
C2 hydrocarbons, is recovered from this separator 
and introduced via line 418 to the second partial 
condensation zone where it is combined with th 



first and second condensates and supplements re- 
frigeration. In the drawing, the third condensate 
flows across the upper tub sheet of the annular 
heat exchanger and drains into the central w II of 

5 the second partial condensation zone. 

Finally, a third hydrocarbon gas mixture lighter 
than the second hydrocarbon gas mixture and 
comprising the third light gas is recovered from the 
downstream side of separator 417 at a temperature 

10 of -62 *C and introduced through line 407 to the 
first partial condensation zone as the first refriger- 
ant. The warmed first refrigerant withdrawn through 
line 413 contains principally methane along with 
any nitrogen in the starting- gas and a lesser. 

75 amount of C2 and C3 components that escaped 
condensation in the first second, and third partial 
condensation zones. To the extent that more com- 
plete separation of these components may be de- 
sired, it is apparent that fourth and subsequent 

20 condensation stages in series with the third partial 
condensation may be employed in which each 
series stage operates at a lower temperature than 
the preceding stage. 

25 

Claims 

1. A method for partial condensation of a hy- 
drocarbon gas mixture which comprises: 
00 a) dividing a starting hydrocarbon gas mix- 

ture into at least first and second portions; 

b) introducing a first refrigerant to a first 
partial condensation zone; 

c) passing the first portion through the first 
35 partial condensation zone in indirect heat exchange 

with the first refrigerant to form a first condensate 
entrained in a first light gas; 

d) recovering a two phase mixture containing 
the first condensate and the first light gas from the 

40 first partial condensation zone and introducing the 
recovered two phase mixture to a first gas/liquid 
separation zone; 

e) recovering the first condensate from the 
first gas/liquid separation zone; 

45 0 introducing the recovered first condensate 

to a second partial condensation zone; 

g) passing the second portion through the 
second partial condensation zone in heat exchange 
with the recovered first condensate to form a see- 
so ond light gas and a second condensate and ther- 
mally stripping the recovered first condensate and 
the second condensate; 

h) recovering the second light gas from the 
second partial condensation zone; 

55 i) recovering stripped hydrocarbon conden- 

sate from the second partial condensation zone at 
substantially th same pressure as th divided hy- 
drocarbon gas mixture; and 
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j) recovering a second hydrocarbon gas mix- 
ture from the first gas/liquid separation zone. 

2. The method of claim 1 which additionally 
comprises introducing the recovered second light 
gas to the first gas/liquid separation zone. 

3. The method of claim 2 which additionally 
comprises: 

a) introducing a second refrigerant to a third 
partial condensation zone; 

b) passing the second hydrocarbon mixture 
through the third partial condensation zone in in- 
direct heat exchange with the second refrigerant to 
form a third condensate entrained in a third light 
gas; 

c) recovering a two phase mixture containing 
the third condensate and the third light gas from 
the third partial condensation zone and introducing 
the recovered two phase mixture to a second 
gas/ liquid separation zone; 

d) recovering the third condensate from the 
second gas/liquid separation zone; and 

e) recovering a third hydrocarbon gas mix- 
ture from the second gas/liquid separator. 

4. The method of claim 3 which additionally 
comprises introducing the recovered third conden- 
sate to the second partial condensation zone in 
admixture with the recovered first condensate. 

5. The method of claim 3 wherein the first 
refrigerant introduced to the first partial condensa- 
tion zone comprises the third hydrocarbon gas 
mixture. 

6. The method of claim 1 wherein the second 
portion of the starting hydrocarbon gas mixture is 
passed through the second partial condensation 
zone in direct heat exchange with the recovered 
first condensate. 

7. The method of claim 1 wherein the second 
portion of the starting hydrocarbon gas mixture is 
passed through the second partial condensation 
zone in indirect heat exchange with the recovered 
first condensate. 

8. The method of claim 1 wherein the velocity 
of the first light gas passing through the first partial 
condensation zone is between 25 and 500 
kg/sec/m 2 . 

9. The method of claim 1 wherein the first 
portion of the starting hydrocarbon gas mixture is 
between 70 and 95 mole percent of the starting 
hydrocarbon gas mixture. 

10. The method of claim 1 wherein the stripped 
hydrocarbon condensate is recovered from the 
second partial condensation zone under a hydro- 
static head with respect to the divided starting 
hydrocarbon gas mixture between 3 and 14 me- 
ters. 



1 1 . The method of claim 1 wherein the starting 
hydrocarbon gas mixture contains components 
within the range of Ci to & hydrocarbons and the 
first gas/liquid separation zone is operated at a 

s pressure between 32 and 60 kg/cm 2 a. 

12. The method of claim 5 wherein the starting 
hydrocarbon mixture contains principally Ci to Cs 
hydrocarbons and the second refrigerant intro- 
duced to the third partial condensation zone is at a 

ro temperature between -45 ' C and -85 * C. 
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